Introduction
Visual impairments in late life have been widely associated with outcomes pertaining to a range of health-dimensions that influence and reflect the well-being of older adults. In addition to the negative impact of vision loss on functional capacity and physical activity levels (1-3), vision impairment has also been linked to reduced psychosocial wellbeing (4), morbidity (1), self-rated health (5), and even mortality (6) (7) (8) . In addition, the negative consequences of visual impairment have also been studied with respect to secondary health outcomes such as hospital and emergency room utilization (9), hip fractures (10), and falls (11). Nevertheless, many studies that have examined the health effects of vision impairments have used only selfreported dimensions of health and functioning in relation to varying degrees of vision acuity.
Far fewer studies have directly compared levels of biological markers of disease in older persons who are blind or visually impaired and non-impaired individuals. Several biomarkers have been associated with higher rates of mortality (12), reduced cognitive (13) and physical (14) functioning, and heart disease (15), and are generally viewed as good indicators of the health status of older people (16), without regard to vision status.
Building on previous epidemiological models of disability (17, 18), Crimmins (19) described biological markers such as cholesterol, body mass index (BMI), markers of inflammation (such as C-reactive protein [CRP] ), and indicators of insulin regulation (such as glycated hemoglobin) as risk factors that indicate the underlying health of individuals and their propensity to disease. According to this refined model of the disability process, at the population level, risk factors precede diseases and conditions that lead to functional impairment (including visual impairment), disability, and mortality. For example, glycated hemoglobin-a measure of the average amount of hemoglobin bound to glucose over a prolonged period-could serve as a preclinical indicator of diabetes. Patients with diabetic retinopathy (DR), one of the most common causes of vision loss in older adults, may experience visual impairments which could inhibit their ability to perform activities of daily living (ADLs). With consideration to this trajectory-in which high-risk levels of certain biomarkers precede disease states-older adults, especially those with greater genetic or behavioral risk, could monitor levels as a preventative measure against disease and related disability.
Of the studies that have directly examined relationships between biomarkers and vision loss in older people, most have linked the two via the shared risk profiles of specific eye diseases that occur most frequently in old age and age-related health conditions and systemic diseases outside of the vision system. For example, some types of age-related macular degeneration have been positively associated with high-risk levels of diastolic blood pressure, low-density lipoprotein (LDL) cholesterol, and total cholesterol (20). High levels of systolic and diastolic blood pressure have been linked to increased intraocular pressure and glaucoma (21). Furthermore, the hypothesis that age-related macular degeneration (AMD) is mediated by inflammatory reactions similar to those found in atherosclerosis is supported by studies that show the presence of similar inflammatory markers within retinas affected by AMD. Several studies have reported elevated levels of biomarkers that predict cardiovascular disease (such as fibrinogen, homocysteine, and CRP) in individuals who
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develop AMD (22, 23) . Similarly, levels of CRP have been found to positively correlate with vessel damage in individuals with Type 1 diabetes (24, 25) .
Under disease conditions, high-risk levels of some biomarkers would be expected, in part, due to underlying systemic pathologies that result in late-life visual impairment (such as vascular disease and diabetes). However, it is also possible that high-risk levels of some biomarkers could result from behavioral changes that often occur after older individuals become visually impaired. For example, Crews and Campbell (1, 26) reported significant differences between older adults with visual impairments and those with no impairment, in the ability to perform functional tasks, such as walking a quarter mile. Participants who were visually impaired also had significantly greater difficulty performing most ADLs and instrumental activities of daily living (IADLs) compared to participants without visual impairments. These limitations suggest that vision problems in older adults may often precede general declines in overall physical activity that may influence the health and well-being of persons who experience them. Furthermore, older individuals who cannot adequately perform specific daily-living activities such as preparing meals for themselves, or taking medications could be at greater risk of maintaining poorer health practices, such as eating inadequate or imbalanced diets (26), or mismanaging their single or cooccurring medical conditions (27) . Such practices have the potential to negatively affect biological indicators that underlie further disability, loss of functioning, disease, and mortality (16).
The purpose of this study was to examine biological markers of health among older persons with and without visual impairments. Biological markers were chosen because of their underlying clinical relevance, with respect to predicting manifestation of clinical conditions commonly experienced by older adults and associated with poorer physiological functioning. Differences in at-risk levels of biomarkers between vision impairment groups were hypothesized to exist, such that individuals with vision impairment would have at-risk levels of biomarkers compared to normal vision adults.
Method
Data-Data from 1999-2006 of the National Health and Nutrition Examination Survey (NHANES) were analyzed. NHANES uses a complex sampling design in which U.S. counties are the primary sampling unit. The study over-samples persons age 60 and older, in order to provide statistical power to studies of persons in this age group. When variables pertaining to sample weight population strata and cluster are used, NHANES is representative of the noninstitutionalized American population. For this study, we included individuals age 65 and older.
In the demographics section of NHANES IV, information is provided about age, sex, race, educational attainment, and marital status at screening. An examination section provides information collected through physical exams and dietary interview components-this section includes body measurements such as BMI, blood pressure measures, and clinical vision health. Finally, laboratory files contain results from laboratory analyses of blood and urine specimens-and provide information about health risk factors such as cholesterol levels, glycated hemoglobin, fasting triglycerides, CRP, and plasma homocysteine.
Control measures. Five sociodemographic characteristics of participants were controlled including age, gender, education, race, and marital status. Age was coded and analyzed as a continuous variable. Education was coded as a categorical variable with three levels: less than a high school diploma, graduated high school or the equivalent (e.g., completion of the GED), and greater than high school education. Gender, race, and marital status were coded as indicator variables, with "male," "White," and "not married" as reference categories, respectively.
Diseases such as diabetes and vascular disease are often directly associated with specific age-related eye diseases (28); therefore an a priori decision was made to control for coronary heart disease (CHD), stroke, and diabetes. Participants of NHANES were asked whether a doctor or other health professional had ever told them that they had CHD, stroke, or diabetes. Responses to these health items were coded into indicator variables with "no" as the reference category.
Independent variables. In addition to five sociodemographic variables and three health variables, a measure of vision acuity was included as the key explanatory independent variable. Vision acuity was recoded into indicator variables according to U.S. definitions of vision impairment. Persons with low vision (LV) (20/40 to 20/100) and blindness (20/200 or worse) in the better-seeing eye with best correction were compared to a reference group of participants with normal vision (better than 20/40).
Dependent variables. Ten dependent dichotomous variables were computed based on clinically defined at-risk levels for each biological marker (16). The biomarkers included systolic and diastolic blood pressure, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, total cholesterol, glycated hemoglobin, two extremes of body mass index (BMI) (underweight and obese), fasting triglycerides, CRP, and plasma homocysteine. Cut points for some biomarkers remain debated, namely relative to their use in the older adult population (e.g., proposed BMI cut-points used for older adults). The U-shaped relationship of BMI to mortality across age, which has been reported (29) has informed our cutoffs for BMI. The high and low biomarker cut-points used here have also been used in other studies of older adults (16) and have been associated with multiple outcomes, including disability and mortality (29, 30) . Defined cutoffs for at-risk levels are shown on Table 2 .
Analyses-All analyses were conducted using Statistical Analysis Software (SAS), version 9.1 for Windows, Analyses accounted for the survey design and unequal probabilities of
